ABSTRACT: Nutrient content and accumulation were studied in young Leucaena leucocephala stands with different densities (1, 2, 4 and 8 seedlings m -2 ) to provide theory basis for their reasonable management. The results showed that N and K contents were high and P content was low in various organs, and total nutrient content decreased in the order of leaves>bark>branches>roots>stem. Nutrient accumulation of single tree decreased with increasing stand density, whereas the nutrient accumulation of stands increased with increasing plantation density. The N or K accumulation was greater than P accumulation for each density stand.
INTRODUCTION
Resources competition among plants increases with increasing density , which limits plant growth (Xue et al., 2012) and changes biomass accumulation and allocation (Guo et al., 2013) . The individuals in high density stands have smaller space and access to decreasing light and soil resources, which leads a small biomass.
Leucaena leucocephala is a perennial evergreen shrub or small tree, belonging to leucaena, Mimosoideae. It is widely distributed in tropical and subtropical regions of the world with developed root system and nodules, and it is common greening tree species growing up on barren hills in Southern China. Some researchers studied seed germination characteristics (Gong et al., 2006) , natural regeneration (Ma et al., 2006; Zong, 2007) , leaf nutrient content (Hao et al., 2012) , soil organic carbon (Guo et al., 2012) of this species. However, to our knowledge, there is as yet no paper in the density effect on nutrient distribution of L. leucocephala. In the present study, the density effects on nutrient content and accumulation of L. leucocephala stands were reported in order to provide a reference for understanding its nutrient distribution pattern in response to density.
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MATERIALS AND METHODS
Study area
The study was conducted at Yuejinbei Nursery (113°21′E, 23°09′N) in South China Agricultural University, Guangzhou City, Guangdong Province, China. The Nursery has a humid subtropical monsoon climate with an average annual temperature of 21.9°C and a relative humidity of 77%, respectively. The annual rainfall averages 1899.8 mm, occurring mainly from April to October.
The experimental environment is sunny and suitable for seedling growth.
Experimental design and field studies
One-year old L. leucocephala seedlings were provided by Shenzhen Techand Ecology & Environment Co., Ltd. In July 2011, these seedlings were planted in soil with four densities: 1, 2, 4 and 8 seedlings m -2 , three plots, each of 20 m × 20 m in size, were established in each density stand, and each density was treated with three replicates. The seedlings were watered and weeded regularly. In September 2013, all trees in each plot were felled, the biomasses of different density stands were measured. The contents of K, P and N in various organs (root, stem, branch, leaf and bark) were analyzed. The growth statuses of the seedlings were shown in Table 1 . 
Data analysis
All statistical analyses were used Excel 2010 and the Statistical Analysis System (SAS 9.0).
Differences were considered significant at the P < 0.05 level.
RESULTS
3.1 Effect of density on the nutrient content of seedlings stands had different patterns ( Table 2 ).
The N content was high and P content was low in each density stand. In all density stands, N content was the highest in leaves, whereas P was the highest in leaves and branches and K was the highest in leaves and bark. However, N, P and K content were the smallest in stem. Total nutrient content (N, P and K) of various organs of each density stand decreased in the order of leaf>bark>branch>root>stem.
3.2 Accumulation and distribution of nutrients in the single average seedling Nutrient accumulation of per plant was obtained using single average yield multiplied by each organ nutrient ( , respectively, indicating that low density was favorable to nutrient accumulation in individuals.
The nutrient accumulation of 1, 2, 4 and 8 seedlings m -2 stands decreased in the order of branch>leaf>root>bark>stem, leaf>branch>stem>root>bark, leaf>branch>stem>bark>root and branch>leaf>stem>root>bark, respectively. Average N or K accumulation in individuals was greater than P. stands, respectively (Table 4 ). In general, the nutrient accumulation of L. leucocephala stands increased with increasing stand density.
N or K accumulation was greater than P in each density stand, and N accumulation was the highest in leaves and lowest in the bark, and P or K accumulation was the highest in branches.
Overall, N, P and K accumulation of L. leucocephala was great in high-density stands mostly due to their massive biomass.
The percentage of nutrient accumulation in leaves, branches, and bark was much more than the percentage of their biomass (Table 1 ). The N, P and K accumulation of branches and leaves accounted for 52.5% ~ 60.5% of nutrient accumulation of stands. Total nutrient accumulation of branch and leaves was the largest due to their high nutrient content and medium biomass. Although stem accounted for almost half of stand biomass, its N, P and K accumulation accounted for only 12.34% to 19.87% of stand nutrient accumulation due to its low nutrient content.
Stand biomass and organ biomass increased with increasing stand density, and organ biomass decreased in the order of stem>root>branch>leaf>bark. Among organs, stem had the largest percentage of stand biomass with a range from 43.5% to 51%, while the bark had the smallest biomass, accounting for only 5.9% to 6.5%. , the strong competition for soil nutrients occurred between weed and seedlings, which resulted in less nutrient absorption for trees, so its nutrient content was less than 2 and 4 seedlings m -2 stands.
The nutrient accumulation increased with increasing stand density, which was consistent with results of previous studies, such as the study about Pinus elliottii (Xiao, 2013) , Eucalyptus grandis×urophglla (Li et al., 2001) , Phoebe zhennan (Lui, 2006) and Fargesia denudata (Wu, 2005) . The seedling nutrient accumulation was correlated with the biomass and nutrient content.
N, P and K contents of L. leucocephala increased with increasing density, which was roughly consistent with biomass distribution pattern of the seedling organs. Because the total biomass of the seedlings was significantly increased with increasing density, whereas change of nutrient content was small, therefore biomass was the dominant factor that determined nutrient accumulation.
